. These responses allow the cell to access alternative sources of energy, enter quiescence or engage in programmed cell death, which may provide an advantage for the organism or population [3, 4] . Each of these responses requires consumption of energy and other raw material upfront before any benefits are gained. For example, amino acids and ATP are needed for the synthesis and function, respectively, of transporters that allow the cell to access alternative exogenous energy sources. Similarly, quiescence and programmed cell death also require energy [2, 5] . Accordingly, energy starvation immediately inhibits processes with high-energy demands, such as translation, which consumes four ATP equivalents per amino acid added, and plasma membrane ATPase activity, which can consume enormous amounts of ATP [6, 7] . The prompt shutdown of these processes conserves raw material that the cell needs for other uses. In the absence of exogenous sources, the cell can also produce limited raw material for quiescence by consuming stored carbohydrate reserves, as well as cell-surface and cytosolic components [4, 8, 9] . Starvation responses thus either provide necessary nutrients or perform activities needed for long-term survival of the organism or population.
The new work from Xu and Bretscher [1] adds to our understanding of the responses to acute energy starvation in eukaryotes. It follows the previous observation that the cortical actin cytoskeleton becomes depolarized upon glucose starvation in the yeast Saccharomyces cerevisiae [10] . In yeast, cell polarity depends on actin cables, which are functionally distinct from the endocytic cortical actin cytoskeleton [11] . Actin cables are long bundles of many short actin filaments aligned with the fast-growing end oriented towards the site of growth ( Figure 1A ) [11] . Actin cables act as tracks for type V myosins, Myo2 and Myo4, which direct polarized delivery of secretory vesicles, organelles, and RNA. This polarized delivery of secretory vesicles is required to maintain cell polarity [12] . Thus, the transient depolarization of the cortical cytoskeleton was thought to reflect the depolarization of the actin cables and the subsequent loss of polarized delivery of secretory cargo.
The current work challenges this model. The authors find that, upon glucose starvation, Myo2 and Myo4, but not type I or II myosins, become stably associated with polarized actin cables ( Figure 1B ) [1] . Furthermore, only type V myosins that have first interacted with cargo engage in a rigor-like state. These findings are not unexpected since all myosins require ATP to disassociate from actin filaments, and type V myosins only associate with actin cables when activated by cargo [13] . However, what is unexpected is that Xu and Bretscher [1] [1] . On the other hand, the displacement of cargo could easily be due to a mechanism that acts on cargo directly. Many different molecular mechanisms regulate starvation responses. Adaptation to energy starvation requires activation of AMP-activated kinase (AMPK) and inhibition of growth-promoting signaling pathways involving mTOR complex 1 and protein kinase A (PKA), which phosphorylate many proteins to remodel cell physiology [4] . In addition, a number of changes in cell chemistry also regulate starvation responses. For example, pH, which drops w1 unit upon glucose starvation in yeast, is an important regulator of several responses [14, 15] . In addition, decreased ATP, GTP, and increased NAD + all directly regulate starvation responses [16, 17] . Thus, cargo release from Myo2 could be modulated by changes in phosphorylation or by any number of changes in cell chemistry acting on cargo directly.
The functional significance of the cargo-free rigor-like state of type V myosin is not clear. Although myosin is an ATPase, its ATP consumption represents only a small fraction of total cellular ATP; however, even the modest saving achieved by adopting the rigor-like state could be important. Alternatively, the cargo release may have functional importance. Release of the secretory vesicles may allow isotropic delivery of cell wall synthesis enzymes to prepare the cell for quiescence in the most energy-economical manner. Conversely, inhibiting secretion may be beneficial: such a role is supported by the observation that many cell-surface proteins are internalized during glucose starvation [8] . It will be interesting for future studies to monitor the fate of secretory cargo during starvation.
The authors also report the equally surprising discovery that actin cables are stabilized during glucose starvation. Under growth-promoting conditions, the yeast actin cables turn over so rapidly that the entire structure recycles within a minute [11] . In contrast, in cells subjected to acute glucose starvation, Xu and Bretscher [1] found that actin cables are highly stable, as monitored by several criteria. This stabilization is also observed in energy-starved HeLa cells, suggesting that this may be a conserved response to energy stress [1] .
So, how is actin stabilized in starved cells? Like Myo2 cargo release, any number of signaling or cell-chemistry changes could regulate actin turnover. Because ATP is required for actin polymerization, changes in ATP levels are unlikely to act directly on actin. However, ATP or other changes could modulate the activity of an actin-binding protein, resulting in reduced turnover. One candidate is the filament-severing protein cofilin, which is required for rapid filament turnover in the presence of glucose [11] . Furthermore, cofilin is pH sensitive and can be phosphorylated, suggesting its activity could be directly modulated in starved cells [18] . Xu and Bretscher [1] found that overexpression of cofilin did not destabilize actin filaments in glucose-starved cells, suggesting that cofilin is likely inactive during starvation. This inactivity is not due to increased activity of the actin-binding protein tropomyosin because inhibition of tropomyosin failed to destabilize actin in starved cells [1] . It remains to be explored whether cofilin is the direct target of glucose starvation. Regardless of the molecular mechanism, the functional significance of stabilizing actin appears clear. Actin is a major consumer of ATP [19] and the observed stabilization of actin filaments therefore prevents the consumption of ATP, whilst retaining actin filaments and their polarity. This polarity retention may be important to allow growth using the existing cytoskeleton with minimal ATP consumption, if the post-starvation environment provides enough nutrients for growth.
This new work provides tantalizing insights into previously unrecognized responses to starvation. However, these findings raise nearly as many questions as they answer. A key question is why only extreme energy stress induces the rigor-like state and whether this relates to cargo release. It will also be important to understand if the type V myosin responses are important for conserving energy or if the cargo-free rigor-like state provides some other advantage for adaptation to starvation. It will also be worth exploring whether the type V myosin responses are conserved and what advantage this might provide to mammalian cells that are more dependent on microtubules for polarized transport. In contrast, the advantage of the stabilization of actin is apparent, although the molecular mechanism inducing stabilization in yeast and mammalian cells needs to be elucidated. Further investigation into the role and regulation of these two new responses will provide a clearer picture of how the cell overcomes the challenge of energy starvation.
